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TITLE OF THE INVENTION 



SEMICONDUCTOR CHIP MOUNTING APPARATUS AND 
METHOD OF MOUNTING SEMICONDUCTOR CHIPS USING 
5 THE SAME 

FIELD OF THE INVENTION 

This invention relates to a semiconductor chip 
10 mounting apparatus used in a semiconductor manufacturing 
process and a method of mounting semiconductor chips 
employing such an apparatus. 

BACKGROUND OF THE INVENTION 

15 

As semiconductors with higher performance and 
greater integration have been recently developed, market 
demands for their cost reduction have been stronger. 
Production lines to assemble such semiconductors require 
20 semiconductor chip mounting apparatus with higher 
throughput and higher precision. 

A prior art semiconductor chip mounting apparatus 
will be described below with reference to Figs. 9-11 (also see, 
25 for example, Patent Publication 1- Japanese Patent Disclosure 
No. 2000-252305). 



1 



Fig. 9 is a perspective view of a semiconductor chip 
mounting apparatus, Fig. 10 is a schematic operation diagram, 
and Fig. 11 is a perspective view of a semiconductor chip 
5 mounted on a lead frame after the completion of a 
semiconductor chip mounting process. 



As shown in Fig. 9, semiconductor chip mounting 
apparatus 100 includes semiconductor chip carrier unit 120 

10 and lead frame carrier unit 130. Semiconductor chip carrier 
unit 120 carries silicon chips 113 from semiconductor chip 
supply unit 110 to mounting position 150 of tape-like lead 
frame 131 sent by lead frame carrier unit 130. Lead frame 131 
has a predetermined pattern to receive silicon chip 113 at 

15 mounting position 150. 



Semiconductor chip supply unit 110 is provided with 
wafer ring 115. Wafer ring 115 is supported by supporting 
member 114 so that diced silicon wafer 112 lined with dicing 
20 sheet 111 can be separated into silicon chips 113 at the time 
when dicing sheet 111 is expanded. Semiconductor chip supply 
unit 110 is movable in XI- and Yl-directions to place chips at 
picking-up position 140 of semiconductor chip carrier unit 120 
before starting mounting operations as set forth below. 

25 

Semiconductor chip carrier unit 120 is provided with 
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arm 121 that moves to the right and left XI, front and rear Yl, 
and up and down Zl. Arm 121 includes collet holding unit 122 
to the edge of which sucking member 124 is attached. Collet 
123 is defined at the low end of sucking member 124 to suck 
5 and hold silicon chip 113. 

Collet 123 goes and returns along carrier paths y 
and z as shown in chain lines as arm 121 moves back and forth, 
and up and down. Lead frame 131 is carried to mounting 
10 position 150 of silicon chip 113 by lead frame carrier unit 
130 so that silicon chip 113 is mounted on lead frame 131 by 
arm 121. 

As shown in Figs. 9-11, the semiconductor chip 
15 mounting apparatus carries out the following assembling 
steps. First, semiconductor chip carrier unit 120 is moved to 
picking-up position 140 and one chip is sucked and held by 
sucking member 124 from separated silicon chips 113. 

20 Subsequently, semiconductor chip carrier unit 120 is 

moved to mounting position 150 of lead frame 131 to mount 
this chip 113 on lead frame 131. Here, since lead frame 131 is 
heated in advance at a predetermined temperature, silicon 
chip 113 is fixed on lead frame 131 with an adhesive provided 

25 on the back of silicon chip 113. 
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After being mounted and fixed on lead frame 131, 
position data of silicon chip 113 at the beginning of mounting, 
during the mounting and after the completion of mounting are 
regularly checked as to whether the position data are in 
5 predetermined coordinates (X, Y, 0). If the position data are 
not within a prescribed tolerance, the positions of collet 123 
and arm 121 are finely adjusted to optimize picking-up and 
mounting positions 140 and 150 of semiconductor chip carrier 
unit 120. 

10 

[Prior Art Patent Publication l] 
Japanese Patent Disclosure No. 2000-252305 (Page 5 and Fig. 
4) 

15 The semiconductor chip mounting apparatus set 

forth above achieves a high speed operation time of 0.1-0.5 
seconds from picking-up one silicon chip 113 to mounting the 
same on lead frame 131 to reduce its assembling process cost. 

20 With shorter mounting time of silicon chip 113, the 

temperature of semiconductor chip carrier unit 120 is higher 
by several tens of degrees than that before such assembling 
steps and metallic portions of semiconductor chip carrier unit 
120 becomes thermally expanded. As a result, picking-up and 

25 mounting positions 140 and 150 of semiconductor chip carrier 
unit 120 are discrepant from those before the mounting step, 



4 



and mounted silicon chip 113 also deviates from its correct 
position. 

In order to adjust such discrepancies, semiconductor 
5 chip mounting apparatus 100 must be tentatively stopped for 
the adjustment of picking-up and mounting positions of 
semiconductor chip carrier unit 120. This results in a decline 
in the throughput of mounting operations. 

10 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
semiconductor chip mounting apparatus with high throughput 
of mounting operations and a method of mounting 
15 semiconductor chips by using the same. 

According to a first aspect of the present invention, 
a semiconductor chip mounting apparatus is characterized in 
that a semiconductor chip supply unit supplies semiconductor 

20 chips, a mounting material carrier unit carries a mounting 
material, a semiconductor chip carrier unit carries a 
semiconductor chip picked up from the semiconductor chip 
supply unit to a mounting position where the semiconductor 
chip is mounted on the mounting material, a sensor unit 

25 measures a position of the semiconductor chip carrier unit, a 
position adjustment unit adjusts a position of the 
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semiconductor chip carrier unit, and a control unit compares 
position data of the semiconductor chip carrier unit measured 
by the sensor unit before mounting operations with those 
measured by the same during the mounting operations in 
5 order to instruct the position adjustment unit of position 
adjustment data if difference in position detected by the 
sensor unit is greater than a predetermined value. 

According to a second aspect of the present 

10 invention, a semiconductor chip mounting apparatus is 
characterized in that a semiconductor chip supply unit 
supplies semiconductor chips, a lead frame carrier unit 
carries a lead frame, a semiconductor chip carrier unit carries 
a semiconductor chip picked up from the semiconductor chip 

15 supply unit to a mounting position where the semiconductor 
chip is mounted on the mounting material, a sensor unit 
measures a position of the semiconductor chip carrier unit, a 
position adjustment unit adjusts a position of the 
semiconductor chip carrier unit, and a control unit compares 

20 position data of the semiconductor chip carrier unit measured 
by the sensor unit before mounting operations with those 
measured by the same during the mounting operations in 
order to instruct the position adjustment unit of position 
adjustment data if difference in position detected by the 

25 sensor unit is greater than a predetermined value. 



According to another aspect of the present invention, 
a method of mounting a semiconductor chip is characterized in 
measuring position data of a semiconductor chip carrier unit 
by a sensor in a control unit before mounting operations by 
5 the semiconductor chip carrier unit, storing the position data 
measured by the sensor, moving the semiconductor chip 
carrier unit to a picking-up position to pick up a 
semiconductor chip from a semiconductor chip supply unit, 
carrying the semiconductor chip picked up to a mounting 

10 position of a lead frame in a lead frame carrier unit to mount 
the semiconductor chip on the lead frame, measuring a 
position of the semiconductor chip carrier unit during the 
mounting operations by the sensor to store the same in the 
control unit, comparing position data of the semiconductor 

15 chip carrier unit measured by the sensor unit before the 
mounting operations with those measured by the same during 
the mounting operations to calculate a difference between 
them, and adjusting picking-up and mounting positions of the 
semiconductor chip carrier unit if the difference is greater 

20 than a predetermined value. 

This patent application is based upon and claims the 
benefit of priority from the Japanese Patent Application No. 
2003-57987, filed on March 5, 2003, the entire contents of 
25 which are incorporated herein by reference. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



A more complete appreciation of the present 
invention and many of the attendant advantages thereof will 
5 be readily obtained as the same becomes better understood by 
reference to the following detailed descriptions when 
considered in connection with the accompanying drawings, 
wherein* 

10 Fig. 1 is a perspective view of a semiconductor chip 

mounting apparatus in accordance with a first embodiment of 
the present invention; 

Fig. 2 is a block diagram of a control unit of the 
15 semiconductor chip mounting apparatus shown in Fig. l; 

Fig. 3 is a schematic operation diagram of the 
semiconductor chip mounting apparatus shown in Fig. l; 

20 Fig. 4 is an operation flow chart of the 

semiconductor chip mounting apparatus shown in Fig. l; 

Fig. 5 is an operation flow chart of a semiconductor 
chip mounting apparatus in accordance with a second 
25 embodiment of the present invention; 
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Fig. 6 is a perspective view of a semiconductor chip 
mounting apparatus in accordance with a third embodiment of 
the present invention! 

5 Fig. 7 is an operation flow chart of the 

semiconductor chip mounting apparatus shown in Fig. 6; 

Fig. 8 is an operation flow chart of a semiconductor 
chip mounting apparatus in accordance with a fourth 
10 embodiment of the present invention; 

Fig. 9 is a perspective view of a prior art 
semiconductor chip mounting apparatus; 

15 Fig. 10 is a schematic perspective view to explain 

picking-up, carrying and mounting operations of the prior art 
semiconductor chip mounting apparatus; and 

Fig. 11 is a schematic perspective view to explain a 
20 completed status of mounting operations in the prior art 
semiconductor chip mounting apparatus. 

EMBODIMENTS 

25 Embodiments of the present invention will be 

explained with reference to the attached drawings. 
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First Embodiment 

With reference to Figs. 1-4 a semiconductor chip 
5 mounting apparatus in accordance with a first embodiment of 
the present invention and a method of mounting a 
semiconductor chip using the same will be explained below. 
Fig. 1 is a perspective view of the semiconductor chip 
mounting apparatus, Fig. 2 is a block diagram of a control unit 
10 of the semiconductor chip mounting apparatus, and Figs. 3 
and 4 are a schematic operation diagram of the semiconductor 
chip mounting apparatus and its operation flow chart, 
respectively. 

15 As shown in Figs. 1 and 2, the semiconductor chip 

mounting apparatus 90 is provided with semiconductor chip 
supply unit 10, semiconductor chip carrier unit 20, lead frame 
carrier unit 30, sensor unit 60 and control unit 70. 
Semiconductor chip carrier unit 20 carries silicon chips 3 to 

20 the mounting position of tape-like lead frame 31 forwarded by 
lead frame carrier unit 30. Lead frame 31 has a predetermined 
pattern to receive silicon chips 3. 

Semiconductor chip supply unit 10 is supported by 
25 supporting member 4 to separate silicon chips 3 from each 
other in the case that dicing sheet 1 is expanded. For that 
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purpose, dicing sheet 1 held on wafer ring 5 is prepared to 
back diced silicon wafer 2. Semiconductor chip supply unit 10 
is movable in XI- and Yl-directions to set silicon chips 3 at 
picking-up position 40 of semiconductor chip carrier unit 20 
5 before mounting operations are started as set forth later. 

Semiconductor chip carrier unit 20 is provided with 
arm 21 that is movable in the directions of right or left XI, 
forward or backward Yl and up or down Zl as shown by solid 

10 lines with arrows, respectively, by a driving mechanism. Arm 
21 is assembled with collet holding unit 22 and position 
measuring mark 25. Collet holding unit 22 has sucking 
member 24 at its edge. Sucking member 24 is provided with 
collet 23 at its lower edge portion so that silicon chip 3 is 

15 sucked and held by sucking member 24. 

Position measuring mark 25 is provided for sensor 
unit 60 to measure picking-up and mounting positions 40 and 
50 of semiconductor chip carrier unit 20. 

20 

As arm 21 moves forward or backward, and up or 
down, the edge of collet 23 moves reciprocally along carrying 
paths "y" and "z" shown in dotted chain lines to carry silicon 
chip 3 to, and to mount it on, the mounting position of lead 
25 frame 31 advanced by lead frame carrier unit 30. Since lead 
frame 31 is previously heated at a predetermined temperature 
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and an adhesive is provided on the back of lead frame 31, 
silicon chip 3 is fixed on lead frame 31. 

Instead of previously heating lead frame 31 as set 
5 forth above, where an adhesive, such as silver (Ag) paste, is 
provided on the back of lead frame 31, silicon chip 3 may be 
fixed on lead frame 31 at a normal temperature. 

Displacement sensor unit 60 includes displacement 
10 sensor 62 to measure a position of position measuring mark 25 
of semiconductor chip carrier unit 20, and sensor holder 61 to 
hold displacement sensor 62. This displacement sensor 62 is a 
laser sensor and is provided with a semiconductor laser light 
source to irradiate laser light to position measuring mark 25, 
15 condenser lens to collect laser light reflecting from position 
measuring mark 25 and a charge coupled device to convert 
collected light into analog electrical signals. 

An ultrasound, eddy current or optical type 
20 non-contact sensor or a contact sensor may be used for 
displacement sensor 62. 

As shown in Fig. 2, information of picking-up and 
mounting positions for semiconductor chip carrier unit 20 
25 detected by displacement sensor 62 is supplied to control unit 
70. This control unit 70 includes a sensor amplifier 71, 
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analog-to-digital (A/D) converter 72, memory controller 73, 
memory 74 and central processing unit (CPU) 75. Weak analog 
position signals obtained from displacement sensor 62 are 
amplified by sensor amplifier 71. Output signals of sensor 
5 amplifier 71 are converted into digital signals by A/D 
converter 72 that, in turn, are stored in, and read out from, 
memory 74 in response to writing and reading instructions 
from memory controller 73, respectively. Position data before 
mounting operations start are compared with those during 
10 such mounting operations and position adjustment 
instructions (based on position adjustment control signals) 
are launched by CPU 75 in the case that differences between 
the compared position data are greater than a predetermined 
tolerance. 

15 

Next, mounting operations of the semiconductor chip 
mounting apparatus will be explained below. With reference to 
Figs. 1 and 3, preparations for continuous mounting 
operations (before commencement of mounting operations) are 

20 as follows. Silicon chips 3 are individually and separately put 
on dicing sheet 1. Wafer ring 4 holding dicing sheet 1 is set on 
supporting member 4. Picking-up and mounting positions 40 
and 50 of semiconductor chip carrier unit 20 are set up. 
Picking-up position 40 of semiconductor chip carrier unit 20 is 

25 measured by displacement sensor 62. Position data measured 
by displacement sensor 62 are stored in memory 74. The origin 
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80 is defined as a starting point of the mounting operations at 
the position that semiconductor chip mounting apparatus 90 
stops. 

5 After such preparations, continuous mounting 

operations are commenced. 

As shown in Figs. 1'4, collet 23 of semiconductor 
chip carrier unit 20 is moved from the origin 80 to picking-up 

10 position 40 (Step Si). In this situation, coordinates at a 
position of position measuring mark 25 of semiconductor chip 
carrier unit 20 are measured by displacement sensor 62 of 
displacement sensor unit 60. More concretely, laser beams are 
irradiated to position measuring mark 25. Laser beams 

15 reflected from position measuring mark 25 are collected to be 
converted to analog electric signals. The analog electrical 
signals are further converted to digital electrical signals, 
which are then stored as position data of picking-up position 
40 in control unit 70 (Step S2). 

20 

Next, silicon chip 3 is sucked and held, i.e., picked 
up by sucking member 24 (Step S3). Measured data of 
picking-up position 40 are compared with those of the 
reference position, i.e., picking-up position 40 of 
25 semiconductor chip carrier unit 20 before the mounting 
operations and a difference between them is calculated by 
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CPU 75 of control unit 70 (Step S4). 



It is checked whether the difference from the 
reference position (i.e., deviation from the correct picking-up 
5 position) is greater than a predetermined value or not (Step 
S20). Where the difference is less than the predetermined 
value, no adjustment of the mounting position is made so that 
semiconductor chip carrier unit 20 is moved to mounting 
position 50 (Step S6A) and silicon chip 3 is mounted on lead 
10 frame 31 (Step S7A). 

Semiconductor chip carrier unit 20 is then moved to 
picking-up position 40 to commence anew the first operation 
(Step Si). A series of the steps set forth above are repeated to 
15 carry out the continuous mounting operations. 

A picking-up position deviation may be due to 
thermal expansion of metallic members of semiconductor chip 
carrier unit 20 during the continuous mounting operations. 

20 Control operations will be explained below with respect to 
such a position deviation. The thermal expansion of the 
metallic members of semiconductor chip carrier unit 20, such 
as arm 21, takes place mainly in Yl-direction. Thus, arm 21 is 
expanded in Yl-direction so that the position deviation from 

25 the picking-up position measured during the preparations is 
also caused in that direction. 
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Where the position deviation is greater than the 
predetermined value in Step S4 and semiconductor chip 
carrier unit 20 is moved to mounting position 50 without any 
5 adjustment, the position of semiconductor chip carrier unit 20 
is deviated from the one measured during the preparations 
that equals the thermal expansion of semiconductor chip 
carrier unit 20. Thus, it is necessary to adjust mounting 
position 50 of semiconductor chip carrier unit 20. Position 

10 adjustment instructions with respect to mounting position 50 
set up during the preparations are given by CPU 75 to adjust 
the difference (i.e., the position deviation) between the 
picking-up position 40 of semiconductor chip carrier unit 20 
during the preparations (i.e., the reference position) and that 

15 measured during the continuous mounting operations. 

In accordance with the position adjustment 
instructions, arm 21 is moved (adjusted) in Yl-direction by 
semiconductor chip carrier unit 20 in order for collet 23 to 
20 come to the mounting position 50 of semiconductor chip 
carrier unit 20 set up during the preparations (Step S5). After 
such adjustment, semiconductor chip carrier unit 20 is moved 
to the mounting position 50 (Step S6). 

25 Consequently, silicon chip 3 sucked and held by 

sucking member 24 of semiconductor chip carrier unit 20 is 
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mounted on lead frame 31 in lead frame carrier unit 30. Here, 
since lead frame 31 is previously heated at a predetermined 
temperature, silicon chip 3 is fixed on lead frame 31 by an 
adhesive provided on the back of silicon chip 3 (Step S7). 

5 

Instead of previously heating lead frame 31 as set 
forth above, where an adhesive, such as silver (Ag) paste, is 
provided on the back of lead frame 31, silicon chip 3 may be 
fixed on lead frame 31 at a normal temperature. 

10 

Now, returning to the first step (Step Si), a next 
silicon chip 3 is picked up but, in this case, it is also necessary 
to adjust picking-up position 40 of semiconductor chip carrier 
unit 20 because the difference (position deviation) from the 

15 reference position is greater than the predetermined value. 
More concretely, position adjustment instructions are 
provided by CPU 75 to carry out a subtraction of the difference 
(position deviation) between the picking-up position 40 of 
semiconductor chip carrier unit 20 during the preparations 

20 obtained by CPU 75 and the picking-up position 40 (reference 
position) of semiconductor chip carrier unit 20 from movement 
data with respect to the reference position. In response to the 
instructions, arm 21 of semiconductor chip carrier unit 20 is 
moved back (adjusted) in Yl-direction in order for collet 23 of 

25 semiconductor chip carrier unit 20 to return to the picking-up 
position 40 during the preparations (Step S8). 



Semiconductor chip carrier unit 20 is then returned 
to the picking-up position 40 (Step Si). 

5 The adjustment order of picking-up position 40 of 

semiconductor chip carrier unit 20 and mounting position 50 
is not limited to that described above but the adjustments may 
be carried out in any other steps, respectively, as far as the 
throughput of mounting operations is not substantially 
10 reduced. 

As set forth above, in this embodiment of the chip 
mounting apparatus, picking-up position 40 of semiconductor 
chip carrier unit 20 is measured whenever a silicon chip 3 is 

15 picked up. The measured picking-up position 40 is compared 
with picking-up position 40 set up during the preparations for 
continuous mounting operations. Position deviation of 
picking-up position of semiconductor chip carrier unit 20 from 
mounting position 50 of semiconductor chip carrier unit 20 

20 may result from thermal expansion occurring during the 
continuous mounting operations. Since the position deviation 
can be corrected, mounting position deviation of silicon chip 3 
is substantially reduced while the throughput of the mounting 
operations are kept quite high. 

25 

Second Embodiment 
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A semiconductor chip mounting apparatus of the 
second embodiment of the present invention will be explained 
below with reference to a flow chart of its mounting operations 
shown in Fig. 5. The semiconductor chip mounting apparatus 
of the first embodiment is used for that of this second 
embodiment but a step to check the number of mounting 
setting times is added to the former to make the throughput of 
mounting operations of the latter better than the former. In 
other words, the latter is the same as the former except for 
that step. Thus, the following explanation is primarily 
directed to operations of the added step. 

As shown in Fig. 5, collet 23 of semiconductor chip 
carrier unit 20 is moved from origin 80 to picking-up position 
40 (Step Si). The number of mounting operation times is, then, 
checked as to whether it is greater than the number of 
mounting setting times (Step S30). The number of mounting 
operation times is detected by a counter, not shown, and is 
transferred to, and stored in, control unit 70. 

The check is performed by CPU 75 of control unit 70. 
Where the number of mounting operation times is less than 
the number of mounting setting times, e.g., 1,000, the step is 
advanced to the next one in response to instructions from CPU 
75 of control unit 70. In the next step, silicon chip 3 is picked 
up by sucking member 24 of semiconductor chip carrier unit 20 
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(Step S3B). Then, semiconductor chip carrier unit 20 is moved 
to mounting position 50 (Step S6B) to carry silicon chip 3 to, 
and mount it on, lead frame 31 (Step S7B). Consequently, 
semiconductor chip carrier unit 20 is returned to the first step 
5 of picking-up position 40 (Step Si). This operation is repeated 
until the number of mounting operation times is counted to 
999. 

When the number of mounting operation times 
10 reaches 1,000, the step is further advanced to the next one in 
accordance with instructions from CPU 75 of control unit 70. 
In the next step, coordinates at a position of position 
measuring mark 25 of semiconductor chip carrier unit 20 are 
measured by displacement sensor 62 of displacement sensor 
15 unit 60 (Step S2). Since further steps including Step S2 are 
the same as in the first embodiment, their explanation is 
omitted here. 

A counting step of the number of mounting operation 
20 times is started again from the beginning after the number of 
mounting operation times has reached that of the mounting 
setting times. Alternatively, the counting step could be 
continuously carried out so that the further steps including S2 
are repeated every integer time of the number of mounting 
25 setting times. In short, the further steps are repeated at the 
number of mounting operation times of 2,0001 3,000; ...or the 
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like in the case that the number of mounting setting times is 
1,000. 



Where the picking-up position of semiconductor chip 
5 carrier unit 20 deviates more than a permissible value every 
count of 1,000 for the number of mounting operation times, 
picking-up and mounting positions 40 and 50 of semiconductor 
chip carrier unit 20 are consequently adjusted. In the event, 
however, that the picking-up position of semiconductor chip 
10 carrier unit 20 deviates within the permissible value, the 
number of continuous mounting operation times without any 
adjustment may be increased in response to instructions of 
CPU 75. 

15 Conversely, where the picking-up of semiconductor 

chip carrier unit 20 deviates more than the permissible value, 
the number of continuous mounting operation times without 
any adjustment may be decreased in response to instructions 
of CPU 75 to comply with such mounting position deviations of 

20 silicon chip 3. 

Instead of checking the number of mounting 
operation times to chose steps, other checking may be 
implemented regularly at a predetermined period of time, e.g., 
25 every five-minute period. Further, adjustments of picking-up 
and mounting positions 40 and 50 are not always limited to 
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the steps set forth in the embodiments but they may be carried 
out in any other steps unless the throughput of mounting 
operations would be decreased as a result. 

5 As set forth above, in the embodiments of the 

semiconductor chip mounting apparatus, picking-up position 
40 of semiconductor chip carrier unit 20 is measured after 
silicon chips 3 are continuously mounted on a lead frame until 
a mounting setting time count is reached. The measured data 

10 of picking-up position 40 are compared with those measured 
during the preparations of mounting operations. Position 
deviations of picking-up and mounting positions 40 and 50 of 
semiconductor chip carrier unit 20 due to thermal expansion 
occurring during the continuous mounting operations are 

15 adjusted so that deviations of the mounting positions 50 of 
silicon chips 3 can be reduced. In addition, the time required 
for mounting operations of silicon chips 3 may be shorter than 
in the first embodiment. 

20 The deviations of the mounting positions of silicon 

chips 3 can be significantly reduced while the high throughput 
of mounting operations is achieved. 

Third Embodiment 

25 

A semiconductor chip mounting apparatus of the 
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third embodiment in accordance with the present invention 
will be explained below with reference to a perspective view of 
the semiconductor chip mounting apparatus and its flow chart 
shown in Figs. 6 and 7, respectively, in addition to Fig. 2. 

As shown in Fig. 6, the semiconductor chip mounting 
apparatus is the same as the first embodiment except for 
adding a position measuring mark 25a to the latter. The main 
differences in structure between this embodiment and the 
first one are explained below. 

Again, as shown in Figs. 2 and 6, the semiconductor 
chip mounting apparatus 90a of this embodiment includes 
semiconductor chip supply unit 10, semiconductor chip carrier 
unit 20, lead frame carrier unit 30, sensor unit 60 and control 
unit 70. 

Lead frame carrier unit 30 is provided with a 
position measuring mark 25a for sensor unit 60 to measure 
position deviations of lead frame carrier unit 30 due to 
mechanical abrasion and thermal expansion resulting from 
continuous carrying of lead frame 31 and heating lead frame 
carrier unit 30, respectively. Silicon chips 3 are carried to, 
and mounted on, lead frame 31, which is, in turn, carried to a 
next step (bonding step). 
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Sensor unit 60 is provided with displacement sensor 
62 and sensor holder 61 to measure positions of position 
measuring marks 25 and 25a of semiconductor chip carrier 
unit 20 and lead frame carrier unit 30, respectively. 

5 

In preparations of continuous mounting operations 
(before the commencement of continuous mounting operations), 
not shown, wafer ring 5 holding dicing sheet 1 is held by 
supporting member 4, picking-up position 40 of semiconductor 
10 chip carrier unit 20 and mounting position 50a of lead frame 
carrier unit 30 are measured with displacement sensor 62, and 
such measured data are stored in memory 74. Continuous 
mounting operations are commenced on completion of the 
preparations. 

15 

Although, here, picking-up position 40 of 
semiconductor chip carrier unit 20 and mounting position 50a 
of lead frame carrier unit 30 are measured with displacement 
sensor 62, separate sensors may be provided for measurement 
20 of those data. 

As shown in Fig. 7, collet 23 of semiconductor chip 
carrier unit 20 is moved from the origin 80 to picking-up 
position 40 (Step Si). In this situation, coordinates at a 
25 position of position measuring mark 25 of semiconductor chip 
carrier unit 20 are measured with displacement sensor 62 of 
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displacement sensor unit 60 (Step S2). 

Next, measured data of picking-up position 40 are 
compared with those of the reference position, i.e., picking-up 
5 position 40 of semiconductor chip carrier unit 20 during the 
preparations and differences between them are calculated by 
CPU 75 of control unit 70 (Step S4). It is checked whether the 
differences from the reference position (deviations from the 
correct picking-up position) are greater than a predetermined 
10 value or not (Step S40). 

Where the difference is less than the predetermined 
value, no adjustment of the mounting position 50 is made but 
silicon chip 3 is picked up by sucking member 24 of 
15 semiconductor chip carrier unit 20 (Step S3C). Semiconductor 
chip carrier unit 20 is, then, moved to mounting position 50 
(Step S6C) and silicon chip 3 is mounted on lead frame 31 
(Step S7C). 

20 Where, on the other hand, the differences (position 

deviations) from the reference position are greater than the 
predetermined value, picking-up position 40 is adjusted. More 
concretely, position adjustment instructions provided by CPU 
75 contain data of the reference position, i.e., picking-up 

25 position 40 of semiconductor chip carrier unit 20 measured 
during the preparations, and position deviation, and 

25 



instructions to adjust the former to commence for and by the 
value of the latter. In response to the instructions, the 
adjustment is carried out for picking-up position 40 of 
semiconductor chip carrier unit 20 (Step S8). 

5 

Next, silicon chip 3 is sucked and held, i.e., picked 
up by sucking member 24 (Step S3). Semiconductor chip 
carrier unit 20 is moved to mounting position 50 (Step S6). 
Coordinates of position measuring mark 25a of lead frame 
10 carrier unit 30 are measured with displacement sensor 62 of 
displacement sensor unit 60 (Step S2B). 

Although the coordinates of position measuring 
mark 25a as well as those of picking-up position 40 of 
15 semiconductor chip carrier unit 20 during the preparations 
and those of mounting position 50a of lead frame carrier unit 
30 are measured with displacement sensor 62, separate 
additional sensors may be provided for measurement of those 
data, respectively. 

20 

The measured data of mounting position 50 are 
compared with those of mounting position 50 during the 
preparations (reference position A) and a difference between 
them is calculated by CPU 75 of control unit 70 (Step S4B). 

25 

It is checked whether the differences from the 
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reference position (mounting position deviation) as a result of 
the calculation are greater than a predetermined value or not 
(Step S50). 



5 In the event that the mounting position deviations 

are within the predetermined value, position deviations only 
caused by thermal expansion of semiconductor chip carrier 
unit 20 are subject to adjustment. More concretely, position 
adjustment instructions provided by CPU 75 contain position 

10 deviation data of the picking-up position 40 of semiconductor 
chip carrier unit 20 during the continuous mounting 
operations from the picking-up position 40 of semiconductor 
chip carrier unit 20 during the preparations obtained by CPU 
75 (reference position) and an instruction to adjust the 

15 reference position in accordance with the position deviation 
data. In response to the instructions, mounting position 50 of 
semiconductor chip carrier unit 20 is adjusted (Step S5D). 

Consequently, silicon chip 3 sucked and held by 
20 sucking member 24 of semiconductor chip carrier unit 20 is 
mounted on lead frame 31 of lead frame carrier unit 30. Since 
lead frame 31 is previously heated at a predetermined 
temperature, silicon chip 3 is fixed on lead frame 31 by an 
adhesive provided on the back of silicon chip 3 (Step S7D). 

25 

In stead of previously heating lead frame 31 as set 
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forth above, where an adhesive, such as silver (Ag) paste, is 
provided on the back of lead frame 31, silicon chip 3 may be 
fixed on lead frame 31 at a normal temperature. 



5 Where, on the other hand, the position deviations 

from the reference position are greater than the 
predetermined value, mounting position 50 of semiconductor 
chip carrier unit 20 is adjusted in consideration of position 
deviations of semiconductor chip carrier unit 20 and lead 

10 frame carrier unit 30 caused by continuous mounting 
operations of silicon chips 3. More concretely, CPU 75 adds 
position deviation data of lead frame carrier unit 30 to those 
of semiconductor chip carrier unit 20. CPU 75 also provides 
semiconductor chip carrier unit 20 with instructions of 

15 position adjustment to move its mounting position 50 by the 
added deviation data. In response to the instructions, the 
adjustment is carried out for picking-up position 40 of 
semiconductor chip carrier unit 20 (Step S5E). 

20 Consequently, silicon chip 3, which is sucked and 

held by sucking member 24 of semiconductor chip carrier unit 
20, is mounted on lead frame 31 of lead frame carrier unit 30 
(Step S7). 

25 Semiconductor chip carrier unit 20 is then moved to 

picking-up position 40 as in the first operation (Step Si) 
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Adjustments of picking-up position 40 of 
semiconductor chip carrier unit 20 and mounting position 50 
are not always limited to the ones described above but they 
5 may be performed in any other steps as far as the throughput 
of mounting operations is not substantially reduced as a 
result. 

As set forth above, in the present embodiments of 
10 the semiconductor chip mounting apparatus, picking-up 
position 40 of semiconductor chip carrier unit 20 is measured 
whenever silicon chip 3 is picked up. The measured picking-up 
position is compared with the picking-up position 40 before 
the mounting operations to obtain position deviations of 
15 picking-up position 40 of semiconductor chip carrier unit 20 
due to thermal expansion occurring during the continuous 
mounting operations. Such position deviations are adjusted in 
response to instructions by CPU 75. 

20 Further, mounting position 50a of lead frame carrier 

unit 30 is measured whenever silicon chip 3 is mounted. The 
measured mounting position 50a is compared with the 
mounting position 50a before the mounting operations. 
Position deviations of lead frame carrier unit 30 due to 

25 frictional abrasion occurring during the continuously carrying 
of lead frame 31 and thermal expansion resulting from 
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heating lead frame 31 are added to those of semiconductor 
chip carrier unit 20 due to a thermal expansion occurred 
during the continuous mounting operations by CPU 75. 
Position adjustment instructions are launched in accordance 
5 with the added position deviations by CPU 75. Mounting 
position 50 of semiconductor chip carrier unit 20 can be 
eventually adjusted in response to the position adjustment 
instructions. 

10 Thus, deviations of the mounting positions of silicon 

chips 3 can be reduced more than in the first embodiment. 

Fourth Embodiment 

15 Next, operations of a semiconductor chip mounting 

apparatus of the fourth embodiment in accordance with the 
present invention will be explained below with reference to a 
flow chart of the operations shown in Fig. 8. In this 
embodiment, the semiconductor chip mounting apparatus of 

20 the third embodiment is used but a step for verification of the 
number of mounting setting times is added to the third 
embodiment to make the throughput of mounting operations 
higher than in the previous one. Structures and operations of 
this fourth embodiment are substantially the same as the 

25 third one except for the above mentioned feature so that 
different aspects will be primarily set forth below. 
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As shown in the operation flow chart of Fig. 8, collet 
23 of semiconductor chip carrier unit 20 is moved from the 
origin 80 to picking-up position 40 (Step Si). It is, then, 
5 checked whether the number of mounting operation times is 
more than that of mounting setting times or not (Step S30). 
The number of mounting operation times is detected by a 
counter, not shown, and is transferred to, and stored in, 
control unit 70. 

10 

The number of mounting operation times is checked 
by CPU 75 of control unit 70. Where it is less than that of 
mounting setting times, e.g., less than 1,000, the step is 
advanced to the next one in response to instructions from CPU 

15 75 of control unit 70. In the next step, silicon chip 3 is picked 
up by sucking member 24 of semiconductor chip carrier unit 20 
(Step S3B). Then, semiconductor chip carrier unit 20 is moved 
to mounting position 50 (Step S6B) and mounts silicon chip 3 
on lead frame 31 (Step S7B). Consequently, semiconductor 

20 chip carrier unit 20 is returned to the first step of picking-up 
position 40 (Step Si). This operation is repeated until the 
number of mounting operation times is counted to 999. 

When the number of mounting operation times 
25 reaches 1,000, the step is further advanced to the next one in 
accordance with instructions from CPU 75 of control unit 70. 
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In the next step, coordinates at a position of position 
measuring mark 25 of semiconductor chip carrier unit 20 are 
measured by displacement sensor 62 of displacement sensor 
unit 60 (Step S2). Since further steps including Step S2 are 
5 substantially the same as in the third embodiment, their 
explanation is omitted here. 

A counting step of the number of mounting operation 
times is started again from the beginning after the number of 

10 mounting operation times has reached the mounting setting 
times. Alternatively, the counting step is continuously carried 
out so that the further steps including S2 are repeated every 
integer time of the number of mounting setting times. In short, 
the further steps are repeated at the number of mounting 

15 operation times of 2,000; 3,000; ...; or the like in the case that 
the number of mounting setting times is 1,000. 

Where the picking-up position of semiconductor chip 
carrier unit 20 deviates more than a permissible value every 

20 count of 1,000 for the number of mounting operation times, 
picking-up and mounting positions 40 of semiconductor chip 
carrier unit 20 are consequently adjusted. In the event, 
however, that the picking-up position of semiconductor chip 
carrier unit 20 deviates within the permissible value, the 

25 number of continuous mounting operation times without any 
adjustment may be increased in response to instructions of 
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CPU 75. 



Conversely, where the picking-up of semiconductor 
chip carrier unit 20 deviates more than the permissible value, 
the number of continuous mounting operation times without 
any adjustment may be decreased in response to instructions 
of CPU 75 to comply with mounting position deviations of 
silicon chip 3. 

Instead of checking the number of mounting 
operation times to chose steps, other checking may be done 
regularly at a period of time, e.g., every five-minute period. 
Further, adjustments of picking-up and mounting positions 40 
and 50 are not always limited to the steps set forth in this 
embodiment but they may be carried out in any other steps 
unless the throughput of mounting operations would be 
decreased as a result. 

As set forth above, in the present embodiments of 
the semiconductor chip mounting apparatus, silicon chips 3 
are mounted on lead frame 31 and picking-up position 40 of 
semiconductor chip carrier unit 20 is measured. The measured 
data are compared with those measured before the mounting 
operations. Thus, position deviations of mounting position 40 
of semiconductor chip carrier unit 20 due to thermal 
expansion occurring during the continuous mounting 
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operations are adjusted. 

Further, mounting position 50a of lead frame carrier 
unit 30 is measured to compare the mounting position 50a 
5 before the mounting operations. Position deviations of lead 
frame carrier unit 30 due to frictional abrasion occurring 
during the continuously carrying of lead frame 31 and thermal 
expansion resulting from heating lead frame 31 are added to 
those of semiconductor chip carrier unit 20 due to a thermal 

10 expansion occurring during the continuous mounting 
operations in response to instructions of CPU 75. Position 
adjustment instructions are launched in accordance with the 
added position deviations by CPU 75. Mounting position 50 of 
semiconductor chip carrier unit 20 can be eventually adjusted 

15 in response to the position adjustment instructions. Thus, the 
mounting operations of the present embodiment can be carried 
out in a much shorter time than those of the third 
embodiment. 

20 Position deviations from the mounting position of 

silicon chips 3 of this embodiment may be reduced better, and 
its throughput of mounting operations is kept higher than 
those of the prior art semiconductor chip mounting apparatus. 

25 The present invention is not limited to the embodiments 

but may be modified to other specific structures without departing 
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from its spirit or essential characteristics. 

Although position adjustments of the embodiments, 
for instance, are made in such way that position deviations of 
5 picking-up position 40 of semiconductor chip carrier unit 20 
are added to the picking-up position of semiconductor chip 
carrier unit 20 set in advance, semiconductor chip supply unit 
10 may be shifted by the position deviations. In other words, 
semiconductor chip supply unit 10 may be moved to the 
10 deviated picking-up position, by the utilization of which a 
next semiconductor chip can be mounted. 

In the semiconductor chip apparatus set forth above 
as one embodiment, semiconductor chip carrier unit 20 is 

15 moved only in the horizontal direction (Yl) parallel to the 
direction of arm 21 moving from picking-up position 40 to 
mounting position 50 and in the vertical direction (Zl) to pick 
up and mount silicon chips 3. In addition, its operations are 
explained in the case that position deviations of picking-up 

20 and mounting positions 40 and 50 of semiconductor chip 
carrier unit 20 are almost the same. The present invention, 
however, is applicable to a different semiconductor chip 
mounting apparatus that carries out rotating operations when 
it moves from picking-up position 40 to mounting position 50, 

25 for instance. In this case, since position deviations of 
picking-up and mounting positions 40 and 50 are different 
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from each other. Thus, mounting positions 50 before and 
during mounting operations are measured to obtain a position 
difference between them. Then, mounting position 50 of 
semiconductor chip carrier unit 20 is adjusted to the mounting 
position 50 set in advance by the position differences 
(mounting position deviations). 

Further, in the embodiments, silicon chips are 
mounted on a lead frame. The present invention, however, is 
applicable to a semiconductor chip mounting apparatus in 
which chips are. mounted on other mounted members than a 
lead frame, such as lead terminals, big chips of different kinds, 
or the like. 

The present invention can provide a semiconductor 
chip mounting apparatus capable of high throughput 
mounting operations and a method of mounting using the 
same. 
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